Citrin is predominantly found in liver, kidney, heart and small intestine, while aralar is found in brain, skeletal muscle, kidney and heart (3,6,7).
Citrin is predominantly found in liver, kidney, heart and small intestine, while aralar is found in brain, skeletal muscle, kidney and heart (3,6,7).
Based on their partially overlapping expression and Ctrn/mGPD double-KO (20.9 ± 0.6) mice (each n = 3). All primers used for real-time PCR are shown in Table 1 . 
Statistical Analysis

RESULTS
Decreased survival and growth retardation of
Ctrn/mGPD double-KO mice -Based on our breeding scheme of intercrossing mice heterozygous for the Ctrn-KO mutation and homozygous for the mGPD-KO mutation and 372 ± 122 μg/dl, respectively; n = 3).
Hepatic lactate/pyruvate ratio and effect of
sucrose administration -Under the same conditions as those shown in Fig. 3B , we examined the hepatic L/P ratio as a measure of the cytosolic NADH/NAD + ratio (54) . As shown in Table 2 , the hepatic L/P ratio was Plasma amino acid concentrations - Table 3 shows plasma amino acid and urea concentrations from fasted wild-type, Ctrn-KO, mGPD-KO and Ctrn/mGPD double-KO mice.
Only the levels of Cit and the Thr/Ser ratio were significantly decreased, however, following oral sucrose administration (Fig. 5) ; the former change being consistent with a decreased hepatic Pyr concentration (Table 2) .
Fatty liver and related plasma parameters -
Both Ctrn-KO and double-KO mice were found to have a fatty liver following a 16 h fast (Fig.   6 ). The liver TG content was found to be significantly higher in the Ctrn-KO and double-KO mice compared to that of wild-type and mGPD-KO mice. Table 4 Although we have focused on the role of liver in the double-KO mice in regards to human citrin deficiency, it is conceivable that extrahepatic tissues may also be contributing to the overall phenotype observed in the double-KO mice as both citrin and mGPD are constitutively knocked out in all tissues that express them.
Our justification for focusing on the liver however, is based on the simple observation that liver transplantation appears to completely correct all defects present in CTLN2 patients (1, 8, 23, 26, 39) , indicating that the liver is the most important for human citrin deficiency. The number of mice used was 14, 12, 9 and 9 for wild-type (W), Ctrn-KO (C), mGPD-KO (G) and Ctrn/mGPD double-KO (D) mice, respectively. The group means (± SD) were compared using a one-way ANOVA followed by the Tukey-Kramer test (alpha level = 0.05). Mean values sharing identical superscripts are not significantly different. Fig. 8 
